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1. Introduction 
Recently, the possiblity of conformational 
changes in guanosine and related nucleosides has 
aroused much interest [l-4] . Previous work from 
this laboratory [3] indicated that protonation of 
guanine nucleosides might induce a change from the 
anti to the syn conformation. It was therefore of 
interest to investigate the properties of %bromogua- 
nosine (BrG) which for steric reasons would preferen- 
tially assume a conformation other than anti [ 51. Since 
only guanosine and its nucleosides form gels, while 
the other natural bases which are always in the anti 
conformation do not show this behaviour, it was 
investigated, if and under which conditions BrG 
would form a gel. The data on the optical properties 
of BrG gels show that the syn conformation does not 
hinder the formation of a gel. 
2. Material and methods 
8-Bromoguanosine (BrG) was synthetized by 
stirring 1 g guanosine in 30 ml water at room temper- 
ature, and adding a saturated aqueous solution of 
bromine in aliquots of 1 ml. The next aliquot was 
added only after the colouring had disappeared. 
After about 15 min the colour persisted. Stirring was 
continued for $hr and the resulting precipitate was 
* Part 2, ref. [3c]. 
** Boursier de These du C.E.A. Les rksultats du prksent 
travail feront partie d’une These de Doctorat d’Etat 
&sciences physiques de J.F.C. 
North-Holland fiblishing Company - Amsterdam 
filtered off. Slow recrystallization from 50 ml water 
gave long transparent needles in about 80% yield. 
Anal. C,oH,,BrN,O, t H20: 
Calc.: C:31.6; H:3.7;N:18.4;Br:21.0. 
Found: C:3 1.4; H: 3.8; N: 17.6; Br:20.9. 
Decomposes - 2OO”C, e26l = 15,700 (pH = 1.7). 
Spectroscopic methods were those used previously 
[3b] . All measurements were made in 0.1 mm Hellma 
cuvettes. 
3. Results and discussion 
Fig. 1. shows the optical properties of BrG in solu- 
tion and as a gel. The absorption spectrum (C’) shows 
large hypochromicity and a blue shift upon gel forma- 
tion, indicative of the formation of an ordered 
secondary structure. Although Miles [7] had reported 
a negative Cotton effect for BrG in solution, the 
ORD (B) and CD (A) spectra of BIG show a positive 
first Cotton effect in contrast to other purine nucleo- 
sides [8,9] which exhibit a negative Cotton effect; 
this reflects the preferential syn conformation of the 
compound [6] similarly to 8-iodoguanosine [3a]. 
Formation of the gel is accompanied by a large 
increase in optical activity which demonstrates the 
formation of a highly ordered asymmetric structure, 
which is possibly helical [6] . The optical activity of 
the main absorption band can be decomposed into a 
split exciton band [lo] , characteristic of base-base 
interactions (stacking) and could be related to the 
negative dichroic band of the solution spectrum. A 
further band with a maximum around 295 nm in the 
gel spectrum could be either due to a n + n* transition 
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Fig. 1. Optical properties of BrG. - 0% (gel);. . . 60°C 
(solution); top: CD; center: ORD; bottom: UV absorbance. 
___ exciton band; -.- possible n +T* band. [BIG] = 2.2 
X lo-* M, [NaCl] = 0.1 M, pH = 6.5. 
or be the increased and shifted positive dichroic band 
of the solution spectrum. 
Several points can be deduced from fig. 2 which 
shows the stability diagram of BrG. On the one hand, 
gel formation is dependent on the presence of a minim- 
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Fig. 2. Stability diagram of BrG. 
al concentration of an electrolyte. Instead of NaCl 
many other salts can be used (see fig. 5). Further the 
ionic strength delimits the existence of gels: above 
0.12 M NaCl the gels become increasingly turbid, 
while below 0.02 M NaCl precipitation occurs. On 
the other hand, at a given salt concentration, a minim- 
al threshold concentration of BrG is necessary for gel 
formation, in accordance with the biocolloid theory 
of Peticolas [ 1 l] . This concentration dependence 
(fig. 3) manifests itself by abrupt changes of emax 
and by the appearance of an ordered structure, the 
melting point of which increases linearly up to a 
limiting value. 
As has been demonstrated in fig. 2, the ionic 
strength has strong influence on the gel. Fig. 4 shows 
the increase in T,,, as a function of sodium and 
potassium ion concentration. Interestingly enough 
there is a large difference between the melting points 
measured in KC1 and those measured in NaCl solution. 
The increase in T, in NaCl shows a slope (AT,,,/ 
A log [Nat] = 21”) similar to that observed for DNA 
and double-stranded polynucleotide complexes [ 121 
(while it is considerably smaller in KCl) despite the 
absence of phosphate groups. This can apparently not 
be explained by polyelectrolyte theory [ 131. If one 
increased the chloride concentration in a clear gel in 
NaCl by adding HCI, turbidity occurred. The work 
of Robinson and Grant [ 141 appeared therefore of 
great interest. These authors have studied the effect 
of anions on the solubility and conversely on the 
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Fig. 3. Change of emax (0) and Tm (A) as a function of BrG 
concentration. Filled symbols: 0.1 M KCl; open symbols: 
0.1 M NaCl. 
T,(‘C) 
Fig. 4. Change of Tm of BrG gels as a function of ionic 
strength. [BrG] = 1.8 X 10T2 M; o NaCl; n KCl. Open sym- 
bols: clear gels; filled symbols: blueish or translucid gels. 
activity coefficients of bases and nucleosides. When 
applied to BrG only minor effects on the melting 
points of the gel were observed (table l), although 
the general trend is similar to that observed by Robin- 
son and Grant [ 151, i.e. the large “salting out” anions 
Table 1 
Influence of anions on gel formation by BrG. 
Anion Aspect of gel (at 5°C) Tm 
CHsCOO- 
cclscoo- 
F‘ 
cl- 
Bi 
I- 
ClO-, 
NO; 
PO4 Hi 
so;- 
SCN- 
C03R 
B401 
Transparent 
Opaque 
Transparent 
Transparent 
Opaque 
Opaque 
Transparent 
(becomes blueish after heating) 
Blueish 
Transparent 
Opaque 
Opaque 
Opaque soft gel (pH=8.6) 
No gel 
39O 
38’ 
36’ 
4o” 
42O 
46O 
4o” 
39O 
39O 
4s” 
47O 
26’ 
[BrG] = 1.9 X 10s2, [A-] = 0.1, cation: K+, all at pH = 6 
except COsH-. 
T,(t) 
so-l 
r I I I 
0.5 1 I.5 2 (A) 
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Fig. 5. Variation of T, of BrG gels with different ions. The 
results have been plotted as a function of the crystal radius 
of the ions. The variations of the cations were measured in 
the corresponding 0.1 M chloride solution, [BrC] = 2.4 
X 10m2 M, while those of the anions were measured in the 
corresponding 0.1 M potassium salt solutions, [BrC] = 1.9 
X 1O-2 M. 
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(Cl,CCOO-, ClO-,, I-) have the tendency to give blue- 
ish or opaque gels, while the smaller anions (F-, Cl-) 
(fig. 5) give clear gels. There is however a very large 
influence of the cations. In fig. 5, the Tm’s of BrC 
gel, as a function of the crystal (ionic) radii of several 
mono- and divalent cations are plotted. In each series, 
one cation shows a peak in the increase in Tm , K+, Sr” 
and Mn++, respectively, as a function of the crystal 
radius of the cation. The salt effect and this anomaly 
in each series are not understood and particularly 
surprising in the light of the results of Zimmer and 
Venner [ 15 ] on DNA where the T, decreased 
linearly with the crystal radius of the cation. On the 
other hand, Hamaguchi and Geiduschek [ 161, in their 
study of DNA denaturation by various alkali salts, 
could not demonstrate any significant correlation 
between melting of DNA and denaturing effect. It 
might well be that the cation anomaly is due to a dif- 
ferential penetration and therefore binding capacity 
of the cation for the gel. 
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